Objectives: Inappropriate calcitonin (CT) release, a major feature of medullary thyroid cancer (MTC), may occur in neuroendocrine tumors (NETs). The aims of this retrospective study were to assess i) the characteristics and prognosis of CT-producing NETs, and ii) the value of CT monitoring during follow-up. Methods: All patients with NETs in whom serum CT was assayed between 2010 and 2012 were included. MTCs were excluded. Clinical, biological, and histological characteristics were studied. Results: Twenty-one (12%) of 176 patients in whom serum CT was systematically assayed had concentrations O100 ng/l, with tumours predominantly of bronchial or pancreatic origin (P!0.0001), and of high grade (PZ0.0006). Poor prognosis was linked to high CT levels, poor differentiation, and grade 3. In a total group of 24 patients with serum CT O100 ng/l, symptoms potentially attributable to CT were recorded in eight, with occasional overlap with the carcinoid syndrome among other secretory syndromes. Immunohistochemistry could be performed in six tumor specimens, CT being detected in five. In 11 patients with five or more successive CT assays, hormone levels were fairly well correlated with clinical courses. Conclusion: Serum CT levels may be raised in some patients with NETs, especially from foregut origin, and of high grade. The suggested value of CT monitoring during follow-up must be confirmed in further studies.
Introduction
Neuroendocrine tumors (NETs) often express one, and sometimes several, peptide(s) or amine(s), among which insulin, gastrin, and serotonin are the most frequently encountered. Inappropriate secretion may result in a secretory syndrome that triggers peptide or amine assays, then the search for the tumoral source and its diagnosis at pathology.
Calcitonin (CT) is one of the two products of the gene Calc-1 which codes for two proteins: procalcitonin (PCT) and calcitonin gene relate-peptide (CGRP). PCT is mainly expressed in thyroid C cells and CGRP in neuronal cells. In C cells, PCT is subsequently cleaved by a convertase enzyme to generate CT. PCT is usually not secreted in the blood but may be released during bacterial infections and has become an interesting marker in that situation (1) . C cells are present not only in the thyroid gland but also in parathyroid glands, thymus, lungs, small intestine, liver and bladder. Mature CT is the marker of medullary thyroid cancer (MTC) but may be occasionally secreted by other tumoral cells. In fact, hypercalcitoninemia is not pathognomonic of MTC (2) , and drugs, renal insufficiency, hyperparathyroidism or NETs could raise CT serum levels. However, CT-secreting NETs are rare, with few reports in the literature (3, 4, 5, 6, 7, 8, 9, 10, 11) . A series of six cases of pancreatic origin showed that the tumors were often malignant, and that half the patients suffered from diarrhea (3) . Another study reported that GEP-NETs with high CT had a worse prognosis than NETs with normal CT levels (9) . Additional evaluation of CT-producing NETs may improve our understanding of the significance and interest of that inappropriate secretion.
Therefore, we studied 176 NETs with at least one determination of CT in order to explore: i) the clinical and histological characteristics of NETs with high CT in comparison with other NETs, and ii) the prognostic value of the marker. Then, we focused on a series of 24 patients with high CT to assess the clinical profile, the response to somatostatin analogs, and the potential input for follow-up.
Subjects and methods

Patients
All consecutive patients from gastroenterology and oncology departments of our ENETs center with at least one blood sample for CT measurement between January 2010 and September 2012 were retrieved from the biochemistry laboratory data base. Among 295 patients with 713 calcitonin determinations, we found two patients with a MTC who were excluded from the study. The 293 remaining patients were matched with the list of 994 patients with NETs from our institutional data base, yielding a series of 176 patients with NETs in whom CT was assayed at least once. The NETs were diagnosed, classified, and graded according to ENETS recommendations (12) . Then these 21 patients and three additional cases with similar work-up from a collaborating center were studied as to the clinicobiological profile associated to high serum CT levels.
Serum biomarkers
All samples were collected on the morning after an overnight fast. Serum CT was assayed using an immunoradiometric assay (IRMA-HCT, Cisbio Bioassays, Saclay, France; reference range (n) !10 ng/l). High CT was here defined as above 100 ng/l in order to avoid false positive values. When a patient had high CT level(s) during the study period, previous serum samples were analyzed if available. Measurement of serum chromogranin A (CgA) levels was performed with a commercially available solid-phase two-site IRMA using MAB directed against the central domain of the protein (145-245) and human recombinant CgA as standard (CgA-Riact kit, Cisbio Bioassays, reference range !98 mg/l).
Patients with high CT levels and follow-up study
Twenty-four patients were included in this phase of the study. Histological and immunohistological findings were based on the surgical resection specimen (nZ13) or on the biopsy of metastases (nZ11). Calcitonin immunostaining was assessed when a pathological specimen was still available (clone A576, Dako, Glostrup, Denmark). Clinical courses and treatments of these 24 patients were studied with clinical, biological and morphological assessment. When tumors were functional, clinical response to therapy was defined as a O50% decrease in number of stools.
Statistical analysis
Categorical variables were expressed as percentages, and compared by the c 2 -test or with Fisher's exact test when appropriate. Continuous variables were expressed as median with range and were compared by the Mann-Whitney test. Overall survival (OS) was calculated from the diagnosis to the date of death or last follow-up. OS was assessed using Kaplan-Meier analysis and comparisons were performed using the log-rank test. For continuous variables, the cut-off level chosen was their median value. A P value of !0.05 was considered statistically significant. Cox proportional hazard models were developed using relevant clinico-pathologic variables to determine the association of each parameter with OS. Only variables with a P value of !0.10 at univariate analysis were introduced in the Cox model. Relative risks were expressed as hazard ratios (HRs) with 95% confidence intervals (CIs). The cut-off date for the final analysis was July 1, 2014. All statistical analyses were performed using Statistical Package for Social Sciences version 17.0.
The distribution of serum CT and CgA levels are given in Fig. 1a . Median serum levels of CT was 2 (1.5-15 087) ng/l. CT levels were normal (!10 ng/l) in 144 (82%) patients, between 10 and 30 ng/l in 9 (5%), between 30 and 100 ng/l in 2 (1%) patients, and above 100 ng/l in 21 (12%) patients. There was no significant correlation (Pearson test: PZ0.19) between serum CT and serum CgA concentrations ( Fig. 1b ). High CT levels (O100 ng/l) were significantly associated with pancreatic or lung NETs, and high grade tumors ( Table 1) .
The median follow-up of the 176 patients was 5.6 (0.1-27.7) years from diagnosis. The median OS from diagnosis was 13.2 years for the whole population: 5.1 (1.8-8.4) years for patients with high CT whereas it was not reached for patients with low CT (P!0.0001). Prognosis factors are shown in Table 2 . Low grade, gastrointestinal NETs and low CT were associated with better survival after univariate analysis. However, only the G3 grade remained significantly associated with poor survival after multivariate analysis. High CT concentration failed to reach significance as a factor of poorer prognosis (HRZ0.4 (0.2-1.1), PZ0.07) ( Fig. 2 ).
Characteristics of the 24 patients with high CT
In the 24 patients with serum CT above 100 ng/l, another etiology of high CT (such as MTC) was excluded from clinical and ultrasound data within a median follow-up of 31 (2-171) months. Tumor specimens from six patients were available for CT immunohistochemical staining. One tumor was negative for CT, two NETs had heterogeneous strong staining, and three had homogeneous strong staining ( Fig. 3 ).
Of these 24 patients with NETs, 20 had synchronous high CT whereas high CT occurred 7, 9, 35 , and 36 months after diagnosis in the four other patients, respectively. Most patients had NETs from pancreas (48%) or lung (43%). One patient had a NET from the stomach and one from appendix. Fourteen of the 24 (58%) patients , and in high than in low-grade NETs (82 (104-254) ng/l) for G1, 224 (163-15 087) ng/l for G2, and 677 (208-10 702) ng/l for G3, PZ0.2), but not with the number of metastatic sites (PZ0.9). Of these 24 patients, eight (33%) presented with diarrhea, fatigue, and weight loss, which might be related to high CT levels. Somatostatin analogs were used for diarrhea in five cases with clinical response for two of them. Eight patients had other secretory syndromes, respectively qualified as six carcinoid syndromes, one VIPoma syndrome, and one Cushing's syndrome. Four patients also had hypercalcemia (O3 mmol/l) related to PTHrp and six other patients with bone metastases had hypercalcemia between 2.5 and 3.0 mmol/l.
Follow-up study
Eleven patients had more than five serum CT determinations: seven pancreatic NETs and four lung carcinoids. Evolutions of serum CgA and CT levels in four illustrative cases are presented in Fig. 4 . Two of them were previously published: one woman with lung carcinoid tumor presenting with a Cushing's syndrome during her follow-up ( Fig. 4c) (13) and one man with pancreatic NET who received six lines of antitumoral treatment ( Fig. 4d) (14) . Eight of the 11 patients had their highest CT concentration just before death ( Fig. 4a, b, and d) . The CgA and CT changes along time were similar in 3/11 patients (Fig. 4b ). Some patients had CT change without change in CgA levels (Fig. 4a, c, and d) . In patient no. c, CT levels decreased with the use of somatostatin analog (Fig. 4c ).
Discussion
We here report the largest series, so far, of NETs with inappropriate CT secretion. In our NET population (43% We show that high CT levels are predominantly met in NETs from foregut origin (pancreas and lung) and with high grades. In the present group, no patient with midgut carcinoid (except one from appendix) had a raised CT concentration. Therefore, it seems not useful to assay CT in patients with small-bowel NETs even in a context of diarrhea without flushing. In contrast, patients with foregut NETs and unexplained diarrhea at diagnosis may be tested for CT secretion, including during follow-up as four of our 21 patients had metachronous secretion of CT. Some case reports (4, 5, 6, 7, 8) described that patients with high-CT NETs are often associated with secretory syndrome, especially somatostatinoma. We could not demonstrate this point in our study even if a trend exists; 43% of high-CT patients had functioning NETs compared with 27% in low-CT cases (PZ0.13). However, in most case reports, authors defined as functioning tumor any NET with positive immunochemical tissue staining, what introduces a strong bias. In high-CT patients, no other etiology of high-CT was found. We chose CT levels above 100 ng/l, in order to limit false positive values. Ten patients had hypercalcemia (bone metastasis or PTHrp), which is known to sometimes increase CT, but usually not over O100 ng/l (15, 16) . Therefore, very high serum CT levels should also evoke lung or pancreatic NETs, if no thyroid tumor is detected at palpation and ultrasonography.
In our patients with NETs, there was a trend towards poor survival in case of high CT, but this was not significant after multivariate analysis (Fig. 2 and Table 2 ). The trend is consistent with others studies. Wuilmet et al. (9) reported that five of 32 patients with NETs and CT O10 ng/l were associated with poor prognosis. However, no multivariate analysis was performed in this small study and these five patients had a NET more often with poor differentiation, a high Ki67 and liver metastases, three well-known poor prognostic factors in NETs. We also found these confounding factors in our study, since higher CT levels tended to be associated with poorly differentiated and high-grade tumors.
It is difficult to retrospectively report the percentage of patients with symptoms (diarrhea) related to CT and not due to any other etiology. Eight of the 24 (33%) patients with high CT had diarrhea in our study, but six of them also had the carcinoid syndrome. Most of these patients had poor or partial response to somatostatin analogs which is common with diarrhea related to high-CT in MTC, in comparison with diarrhea due to serotonin (carcinoid syndrome) (17) . In the literature, there is a publication bias as most case reports are on patients with symptoms. However, in the two series of NETs patients with CT determination, including five and six patients with tumors secreting CT, only one (20%) and three (50%) had symptoms attributed to the peptide (diarrhea) (3, 9) . This is concordant with the fact that, in MTC, symptoms only occur in advanced metastatic forms with very high CT levels (18) . Finally, we were able to describe the follow-up of CT and CgA levels in 11 patients. CT changes seem to be poorly correlated to CgA changes, but the highest CT levels in a given patient are often recorded shortly before death. The usefulness of CT follow-up must be better demonstrated in further studies.
Our study, by its retrospective nature, has some limitations. However, most data collected was extracted from our database, prospectively accrued, except that of the follow-up study. Therefore, the potential interest of calcitonin monitoring during follow-up has to be interpreted with caution: i) we did not systematically use RECIST criteria in follow-up of the 24 patients with high CT; ii) CT determinations were not systematically performed at each morphological follow-up in order to better assess the correlation between CT and tumor burden changes; iii) daily numbers of stools were not systematically reported in patients charts so as to confirm that symptoms changes were related to variations of CT.
In conclusion, 12% of the 176 NET patients had CT O100 ng/l, but only one third had symptoms potentially related to this peptide. Diarrhea associated with high CT usually did not respond to somatostatin analogs. After exclusion of MTC, high CT levels should evoke a NET especially from foregut location. High CT levels in NETs are associated with high-grade tumors. Further studies are needed to ascertain the potential link between CT changes and clinical course in patients with NETs.
